We evaluated the role of the family in the transmission of Helicobacter pylori infection in preschool-aged children from a rural district in the State of Minas Gerais, Brazil. Sixty-six families (66 index children, 63 mothers, 60 fathers and 134 siblings), defined as at least one parent living in the same household with at least one offspring up to 8 years old, were studied. Odds ratios (OR) and 95% confidence intervals (CI) were estimated by logistic regression controlling for age, gender, number of children in household and H. pylori status of the father, mother and siblings. The prevalence of the infection was 69.7% (469 of 673) and it increased with age (P < 0.001). Positive mothers were a strong and independent risk factor for infection (OR 22.70;). Positive siblings were also positively associated with infection (OR 1.81; 95% CI 1.01-3.30).
Introduction
Helicobacter pylori is recognized as the main aetiological agent of gastritis in humans and as an essential factor in the pathogenesis of peptic ulcer (NIH 1994 ). There is evidence that H. pylori infection is a risk factor in the genesis of the gastric carcinoma (IARC 1994) and mucosa associated lymphoid tissue (MALT) type gastric lymphoma (Wotherspoon et al. 1991) .
The microorganism is responsible for one of the most frequent chronic bacterial infections and its acquisition seems to occur predominantly in childhood, especially at preschool age. In developed countries the prevalence of infection with H. pylori is low among children. This is in contrast to prevalence rates observed in developing countries, where most children are infected by 10 years of age Sathar et al. 1997; Brown 2000; Nabwera et al. 2000) . Although factors such as age, socioeconomic level and living conditions have been considered to be important risk factors for acquisition of H. pylori (Souto et al. 1998; Brown 2000; Malaty et al. 2001) , the impact of other epidemiological aspects of the infection, such as the infection transmission pathways, are not clear.
Several studies have suggested that the family has an important role in the transmission of the infection Blecker et al. 1994; Ma et al. 1998; Dominici et al. 1999; Rothenbacher et al. 1999; Malaty et al. 2000) . For example, Dominici et al. (1999) studied 416 Italian families and showed that children belonging to families where both parents were infected had significantly higher prevalence of H. pylori infection than children belonging to families where only one parent was infected. Rothenbacher et al. (1999) , evaluating German children and their fathers or mothers, showed an association between maternal infection status and that of their children. Malaty et al. (2000) showed that H. pylori prevalence in Japan was significantly higher in children whose mothers were infected than in children whose mothers were uninfected. The authors also demonstrated a 1.5% seroconversion rate among children living with positive mothers. However, these previous studies had serious limitations which prevented them from fully describing the pathways of transmission between parents and offspring. For instance, Dominici et al. (1999) evaluated only children over 12 years of age, while Rothenbacher et al. (1999) (Ma et al. 1998) were carried out in developed countries, and in some of them the children were selected from clinical settings (Drumm et al. 1990; Blecker et al. 1994) . In the only study conducted in a developing country, Ma et al. (1998) demonstrated that infection in the parents was significantly associated with infection in children. Despite the higher odds ratio (OR) observed among children with maternal vs. paternal infection, this difference was not statistically significant, possibly because of the small sample size of the study (Ma et al. 1998) .
The aim was to determine the importance of the family in the transmission of H. pylori in preschool-aged children from a rural district in the State of Minas Gerais, Brazil.
Subjects and methods
This study was approved by the Ethics Committee of the Universidade Federal de Minas Gerais, Brazil and informed consent to take part was obtained from the children (whenever possible) and their parents, and from the adults.
The population studied was originally recruited in 1999 and 2000 to evaluate the prevalence of schistosomiasis in Melquíades, a rural area in the State of Minas Gerais, Southeast Brazil, with 867 inhabitants. The district is predominantly rural with subsistence agriculture and animal husbandry. All 197 households were visited. The overall response rate was 85.4% (n ¼ 168) of the homes surveyed, comprising 673 subjects. The annual increments in seropositivity for each period of 5 years for children and 10 years for adults were calculated by subtracting the non-susceptible population from the total seropositivity at the end of the period and dividing by the number of years in the period (Torres et al. 1998) .
To evaluate the importance of the family in the transmission of the infection, the families were defined as follows: at least one parent living in the same household with, at least, one offspring up to 8 years of age. The first child with age £8 years was chosen as the index person for each family.
Helicobacter pylori infection was determined by ELISA for detection of IgG antibodies to specific H. pylori antigens in adults and children older than 12 years. As the sensitivity and specificity of serological methods for the diagnosis of H. pylori infection in children are low (Oliveira et al. 1999) , the 13 C-urea breath test was used in children under 12 years.
Serology
Sera were assayed for H. pylori antibodies using the Cobas Core anti-H. pylori IgG enzyme immunoassay (EIA) (Roche Diagnostic Systems, Basel, Switzerland), which had been previously validated for Brazilian population showing 95.4% and 100%, and 93.1% and 100% sensitivity and specificity, for adults and children over 12 years old, respectively Oliveira et al. 1999) . The assays were performed according to manufacturer's instructions.
C-urea breath test
The urea breath test was performed as follows: after a 6-h fast, one breath sample was obtained and an oral dose of urea comprising 50 or 75 mg 13 C-urea if body weight was over 30 kg was administered with 100 and 200 ml of orange juice, respectively. The second sample was collected 30 min after the ingestion of the substrate. The breath samples were analysed by an isotope selective nondispersive infrared spectrometer (NDIRIS; Wagner Analytical Systems, Bremen, Germany). A change of >4.0d in 13 C-value over baseline was considered positive. The 13 C-urea breath test is highly sensitive (99.5%) and specific (99.0%) for the diagnosis of H. pylori infection in our population even for children under 6 years of age (Cardinali et al. 2003) .
Statistical analysis
Data were analysed with SPSS (SPSS Inc., Chicago, IL, USA) statistical software package version 10.0. The association of each variable with H. pylori infection was tested in univariate analyses. All variables with a P-value of 0.25 or less were included in the full logistic regression model. Odds ratios and 95% confidence intervals (CIs) were estimated, controlling for age, gender, number of children in household and H. pylori status of fathers, mothers and siblings.
Results
Of the 673 subjects evaluated, 349 were adults (162 men and 187 women, mean age 44.9 years, range 19-97) and 324 were children (161 boys and 163 girls, mean age 10.1 years, range 2 months to 18 years). The annual family income was less than US$2400 for 95% of the families. The population used water with no treatment and lived in dwellings with no sewer network.
The overall prevalence of the infection (469 of 673) was 69.7% (95% CI 66.0-73.1): 86.2% in adults (95% CI 66.0-73.1) and 51.9% in children (95% CI 46.3-57.4). The prevalence increased with age (P < 0.001) and it ranged from 28.9% in children from 2 months to 5 years old to 90% in adults over 40 years old (Figure 1) . The annual change in seroprevalence for children with ages: (i) £5 years was 5.8%; 6-10 years was 5.5%; and 11-50 years was 1.0%. This rate decreased to 0.3% in persons aged 51-60 years. In individuals over 60 years old, the annual change in seropositivity became negative (Figure 2) .
To evaluate the potential for intra-familial spread of H. pylori, 66 families (66 index children, 63 mothers, 60 fathers and 134 siblings) were studied. The index case, the mother and father were evaluated in 57 families; the child and the mother in six families; and the child and the father in three families. In these last families the sera could not be obtained from one of the parents, because they did not live in the household or they did not agree to participate. The prevalence of the infection in these groups was 47.0% (31 of 66) in children, 72.7% (48 of 63) in mothers and 68.2% (45 of 60) in fathers. In the group of parents of infected children, the prevalence of H. pylori infection was 90.0% whereas it was 61.9% (P ¼ 0.0002) in the parents of non-infected children. Twenty-seven per cent (18 of 66) of the children had more than two siblings: 32.2% (10 of 31) of the H. pylori positive and 22.8% (eight of 35) of the H. pylori negative (P ¼ 0.392). The H. pylori-positive siblings (mean age 15.2 ± 4.6 years) of the negative-index children were significantly older than the infected siblings (mean age 11.5 ± 6.6 years) of the positive-index children (P ¼ 0.04). In the univariate analysis H. pylori infection in the index child was associated with age, presence of infection in the mother, father and in the siblings (Table 1) . Infection of both parents was also associated with infection in children (P ¼ 0.001); but as the risk associated with the presence of an infected mother (OR ¼ 21.4) was greater than the risk associated with the infection in both parents (OR ¼ 5.5), only the infected mother was included in the final model. In the multivariate analysis, only positive mothers and the number of infected siblings remained positively associated with the child's infection. Helicobacter pylori status of the father was not associated with risk of infection in the offspring (Table 2) .
Discussion
Although H. pylori infection is now recognized as a cause of digestive diseases, which has a major impact on public health, several epidemiological aspects of the infection are not fully understood. In this study, we used a healthy population, from a rural area with homogeneous Number of siblings (mean ± SD) 2.2 ± 2.3 1.9 ± 1.3 0.524 1.1 0.8-1.4
OD, odds ratio; CI, confidence interval; SD, standard deviation. * Univariate analyses. socioeconomic status and sanitation conditions in order to minimize the number of variables possibly associated with H. pylori infection in the model of multivariate analysis. As expected in poor, rural communities, the prevalence of the infection was high and it was significantly associated with increasing age. We also demonstrated, by evaluating the increments in H. pylori seropositivity, that by 10 years of age, 60% of the children were infected, suggesting that in Brazil most H. pylori infection occurs early in childhood. The observed pattern is similar to that reported in other developing countries (Ma et al. 1998; Torres et al. 1998) .
From 11 to 50 years of age, there was a modest increase in seropositivity of approximately 1% per year. A decrease in the prevalence of infection was observed among individuals aged 60 years or older. This is a universal finding (Torres et al. 1998 ) which has been explained by the fall in general immunity among older individuals or by a decrease in bacterial load observed in older infected patients with gastric atrophy, which is an adverse condition for bacterial colonization.
Considering that H. pylori acquisition occurs mainly in childhood, we evaluated a large number of families and simultaneously the role of mother, father and siblings in the H. pylori status of preschool-aged children, adjusting for confounding factors such as age. Helicobacter pylori infection was much more prevalent in the parents of infected children (90.0%) than in those of H. pylorinegative children (61.9%). Furthermore, in families with both parents uninfected (n ¼ 9), all children were H. pylori negative. However, in a multivariate analysis, only infected mothers remained associated with the infection of the children, even when the infection of both parents was included as a covariate in the model (data not shown). The association we observed between infection in mothers and their children, but not between fathers and offspring, may be explained by the fact that in Brazilian families, like in other countries (Ma et al. 1998; Malaty et al. 2000) , the mother is the primary caretaker of children.
We also observed a positive association between positive siblings and infection in the child index. Similarly, Goodman and Correa (2000) , studying rural Andean children younger than 10 years of age, observed that the risk of infection increased with the number of siblings in the household and that the number of H. pylori-positive siblings had a particularly strong gradient effect. However, Malaty et al. (2000) observed that Japanese children who seroconverted had older seronegative siblings or were the only child in the family. They hypothesized that the transmission between siblings may occur more commonly in families from developing countries, where there are several children in each family. Thus, our results suggest that children are more exposed to infection by close personal contact with infected mother and siblings.
In conclusion, the acquisition of H. pylori infection in a rural population of Brazil occurs mainly in childhood. Infected mothers or siblings may have a primary role in the transmission of the infection, which suggests personto-person as the most important mode of passing the infection. Knowledge of the mechanism of mother to child transmission is important for the spread of H. pylori infection, as it could allow the identification of target groups for eventual interventions.
